INTRODUCTION
============

A large number of studies have shown a potential relationship between serum calcium concentration and cardiovascular disease.[@B1],[@B2],[@B3],[@B4],[@B5],[@B6],[@B7] In 1996, Reunanen, et al.[@B8] found an increased risk of premature death in men (\<50 years) with increasing serum calcium concentration. Calcium supply is usually assessed through evaluation of dietary calcium or supplementary intake. Dietary calcium intake has been emphasized because of its proposed benefit for bone health and calcium supplementation has become widely used. A recent study[@B9] reported that more than 50% of older men and almost 70% of older women in the United States were taking supplemental calcium. However, its non-skeletal effects, including effects on cardiovascular health, are not established and remain largely unknown and controversial.[@B10],[@B11]

A Swedish population-based investigation of men with relatively high intakes of dietary calcium showed a reduction in all-cause mortality when taking more than the recommended daily amount.[@B12] Previous observational and interventional studies suggested a calcium benefit against cardiovascular diseases.[@B13],[@B14],[@B15] However, the most recent study from the National Institute of Health-AARP Diet and Health Study showed that high intake of supplemental calcium is related to an increased risk of cardiovascular disease in men but not in women.[@B8] In addition, there is no previous report that accounts for dietary calcium intake according to serum 25-hydroxyvitamin D \[25(OH)D\] concentration on cardiovascular diseases and various health condition.

Framingham Risk Score (FRS) is generally considered as a tool to assess future cardiovascular risk.[@B16] Dietary calcium intake and serum 25(OH)D concentration in Korean are low compared to other western countries such as the United States[@B17],[@B18] and it is highly possible that FRS can be differently associated with the dietary calcium intake according to the serum 25(OH)D concentration. Therefore, the aim of this study was to evaluate the relation of daily calcium intake with FRS according to serum 25(OH)D concentration in Korean males and females, aged over 40 years of age, using the Korea National Health and Nutrition Examination Survey (KNHANES, 2008-2011), which showed a relatively low dietary calcium intake and serum 25(OH)D concentration condition compared to the United States.

MATERIALS AND METHODS
=====================

Subjects
--------

Conducted periodically by the Korea Centers for Disease Control and Prevention since 1998, KNHANES provides comprehensive information on health status, health behavior, nutritional status, and socio-demographics in national districts in Korea. Data from the fourth (IV-2 and IV-3, 2008, 2009) and fifth (V-1 and V-2, 2010, 2011) KNHANES data, containing dietary calcium intake and calculated FRSs were used in this cross-sectional analysis. From an initial total of 37753 males and females, 19110 subjects (8315 males and 10795 females) were evaluated. Of 19110 subjects evaluated, 7798 subjects were excluded for missing data and 2390 subjects were excluded for chronic diseases. An additional 1113 subjects were excluded for any vitamin and mineral supplement use, in particular calcium supplementation. A total of 7809 participants (3452 men and 4357 women) were used in this analysis as shown in [Fig. 1](#F1){ref-type="fig"}. All participants provided written informed consent before the survey.

Biochemistry, dietary and supplement assessment
-----------------------------------------------

Blood samples were collected year-round following an 8-hour fasting period. They were immediately processed, refrigerated, and transported in cold storage to the central testing institute (NeoDin Medical Institute, Seoul, Korea) where they were then analyzed within 24 hours. Serum 25(OH)D concentration was measured with a radioimmunoassay kit (DiaSorin Inc., Stillwater, MN, USA) using a r-counter (1470 Wizard; PerkinElmer, Turku, Finland). The inter-assay coefficients of variation (CV) were 2.8-6.2% for 2008-2009 samples and 1.9-6.1% for 2010-2011 samples. To minimize analytical variation, serum 25(OH)D was measured in the same institute every other week throughout the analysis period.

Nutrient intakes, including total calorie and calcium intakes, were assessed with a 24-hour dietary recall questionnaire administered by a trained dietician. The results were calculated using the Food Composition Table developed by the National Rural Resources Development Institute (7th revision).[@B19] Physical examinations were performed by a trained examiner following a standardized procedure. Body weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively, in light indoor clothing without shoes. Age of menarche was determined using a health questionnaire administered by a trained examiner.

Lifestyle questionnaires
------------------------

Physical activity was assessed by a questionnaire and categorized as \"yes\" or \"no\"; \"yes\" meaning \>30 minutes of moderate physical activity three or more times in the last week in which the subject was tired compared to ordinary levels. Current smokers were defined as those who were currently smoking and had smoked more than five packs of cigarettes during their life-time. Ex-smokers were persons who had smoked in the past but had quit and nonsmokers had no history of smoking. Regular alcohol drinkers were those who drank alcohol more than once a month and nondrinkers were all others. Occupations were classified into two groups; indoor and outdoor workers. Indoor workers included managers, professionals and related workers, clerical office workers, service workers, and sales workers. Unemployed subjects were classified as indoor workers considering their limited outdoor activities. Outdoor workers included skilled agricultural, forestry, and fishery workers.

Statistical analysis
--------------------

A complex sample analysis was used for weighting all KNHANES data values following the guidance of statistics from the Korea Centers for Disease Control and Prevention. Initially, we calculated the FRSs by gender. The males and females were stratified into five groups by calcium intake; \<300, 300-600, 600-900, 900-1200, \>1200 mg/day. Serum 25(OH)D concentration was further used to classify subjects in each gender group into three categories; \<50, 50-75, and \>75 nmol/L. Framingham risk equations[@B20] were used to predict the risk of developing total coronary disease events (angina, myocardial infarction, or coronary heart disease death) over the next 10 years. General characteristics such as age, body mass index (BMI), total calorie intake, serum 25(OH)D concentration, systolic blood pressure, diastolic blood pressure, serum glucose concentration and serum lipid profiles (total cholesterol, high density lipoprotein, and triglyceride) were presented by dietary calcium intake groups using ANOVA test in males and females after data weighting. FRS was compared by ANCOVA test after adjustments for age, BMI, jobs, education, smoking status, alcohol intake, moderate physical activity, serum 25(OH)D and total calorie intake in men. Menopause, oral contraceptives, and hormone replacement therapy were also adjusted for with women. Finally, we compared FRS according to daily dietary calcium intake and serum 25(OH)D category by ANCOVA test after adjustments for age, BMI, jobs, education, smoking status, alcohol intake, moderate physical activity, serum 25(OH)D and total calories intake and season in men. For wemen, menopause, oral contraceptives and hormone replacement therapy were also adjusted. All *p*-values were *P* for trend to assess the significance of all analysis and *p*\<0.05 was considered significant. Data were analyzed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

Mean dietary calcium intake in adult males and females was 552.4 mg/day and 440.8 mg/day, respectively. Mean FRS in males and females was 11.3 points and 11.4 points. General characteristics of males and females by calcium intake are presented in [Table 1](#T1){ref-type="table"}. Mean age, BMI, energy intake, and FRS showed significant difference by calcium intake groups in both genders. In addition, FRS was higher in both low (\<300 mg/day) and excess (\>1200 mg/day) dietary calcium intake groups than other groups in both genders, showing a J-shaped pattern.

After adjustments for relevant variables \[for both genders: age, BMI, jobs, education, smoking status, alcohol intake, moderate physical activity, serum 25(OH)D, total calorie intake; for women only: menopause, oral contraceptives and hormone replacement therapy\], FRS values were significantly different in the five dietary calcium intake groups in both genders. A J-shaped pattern was also observed ([Table 2](#T2){ref-type="table"}).

To evaluate the difference in FRS within the dietary calcium intake groups according to serum 25(OH)D concentrations, we compared FRS after adjustment of season in addition to the relevant variables listed above. FRS was significan-tly higher in the group with \>1200 mg/day of dietary calcium intake as well as in the male serum 25(OH)D \<50 nmol/L (*p*=0.010) group. A similar pattern was observed in females, however, there was no statistical significance ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

This cross-sectional study showed that both low (\<300 mg) or excess (\>1200 mg) daily calcium intake was associated with higher FRS. In particular, FRS can be elevated in a vitamin D deficient Korean adult male with excess (\>1200 mg) dietary calcium intake.

In the Framingham Study,[@B21] calcium intake was not associated with increased coronary artery calcification and the authors suggested that their result did not support the hypothesis that high calcium intake could increase coronary artery calcification, which is an important measure of the progression of atherosclerosis. Van der Vijver, et al.[@B22] showed that dietary calcium was not related to CVD deaths in Dutch civil servants and other studies[@B23],[@B24] also found no association of calcium intake and CVD death. On the other hand, however, high intake of calcium was found to relate to all-cause and cardiovascular mortality,[@B25] and Xiao, et al.[@B7] showed that high intake of supplemental calcium is associated with the risk of CVD death in men but not in women.

Non-skeletal effects of calcium remain uncertain and especially cardiovascular effects are controversial. Dietary calcium regulates blood pressure and modulates peripheral vascular resistance via calcitrophic hormones[@B26] and intracellular calcium can not only accelerate vascular calcification but also increase mortality in patients with renal failure.[@B27] Slinin, et al.[@B28] showed that high plasma calcium was associated with cardiovascular events after adjusting for plasma 25(OH)D, parathyroid hormone and phosphorus. The possible mechanisms, however, are not clear.

Serum 25(OH)D is associated with calcium metabolism and cardiovascular diseases as well as bone metabolism via osteocalcin in the osteoblast and bone-forming cell. Several hypotheses which could explain association between cardiovascular diseases and 25(OH)D have been proposed. One hypothesis is that vitamin D receptors affect the expression of matrix metalloproteinase and tissue inhibitors of metalloproteinases.[@B29] Vitamin D also suppresses foam cell formation by reducing acetylated or oxidized LDL.[@B30] Low serum 25(OH)D levels are associated with cardiovascular diseases and all-cause mortality.[@B31],[@B32] Thus, we assessed the relation of calcium intake and FRS according to serum 25(OH)D concentration.

FRS has been a tool to assess future CVD risk. However, we did not assess 10 year-risk by percentage because 1 point of FRS in the high risk group is more weighted than in the low risk group. In addition, dietary calcium intake and serum 25(OH)D concentration may be influenced or different by some components of FRS (by gender, age, smoking, and blood pressure). Therefore, evaluation of the difference of FRS according to the calcium intake and serum 25(OH)D is reasonable.

In our study, excess dietary calcium intake (\>1200 mg/day) was associated with higher FRS. Specifically, in the adult male serum 25(OH)D deficiency group, significant difference in FRS was observed even after adjustment for season. We are not certain why this J-shaped pattern for the FRS is associated with dietary calcium intake. In the present study, however, we found that moderate dietary calcium intake was associated with relatively low FRS after relevant variables were adjusted for, including total calories intake, and that, men who had high dietary calcium intake with vitamin D deficient status had high FRS. Therefore, it is highly likely that high dietary calcium intake under low vitamin D status can be associated with harmful effects on the cardiovascular system. This can partially explain why excconcentration was measured witess dietary calcium intake can influence the calcium homeostasis with respect to cardiovascular health.

Dietary calcium is essential for bones,[@B33] however, if serum vitamin D concentration is too low, absorbed dietary calcium can adversely affect cardiovascular risk. Vitamin D plays a role in absorbing dietary or supplemental calcium and maintaining optimal bone health.[@B34] In cases of vitamin D deficiency, calcium cannot be absorbed well and the absorbed calcium does not accumulate in bone. Vitamin D also plays a role in producing osteocalcin in the osteoblast,[@B35] the bone-forming cell, and reduced osteocalcin results in failed calcium deposition in bone. Consequently, calcium remains in the blood and can move around blood vessels to adversely affect the cardiovascular system. Meanwhile, the test group with sufficient vitamin D levels did not show a favorable result on FRS in our study. In addition, there was no statistical significance in FRS for adult females. This result may be due to the fact that dietary calcium intake (552.4 mg/day vs. 440.8 mg/day) and serum 25(OH)D concentration (53.1 nmol/L vs. 44.2 nmol/L) were higher in men than those in women.

There are some unavoidable limitations in our study. First, this is a cross-sectional design, not a prospective one. Second, FRS is a simple tool to assess future cardiovascular risk, therefore, it has limitations when correlating cross-sectional results with future FRS. Third, it is different to explain why excess dietary calcium intake shows significance only in adult males, but not in adult females. Fourth, KNHANES does not contain individual medication history including thiazide diuretics or the presence of hyperparathyroidism to influence serum calcium homeostasis. However, our investigation differs from previous study, because of using FRSs to assess cardiovascular disease risk according to dietary calcium intake and serum 25(OH)D concentration. To our best knowledge, this is the first study to assess the cardiovascular risk using dietary calcium intake combined with serum 25(OH)D concentration.

In conclusion, this study suggests that excess (\>1200 mg/day) as well as very low (\<300 mg/day) dietary calcium intake are related to higher FRS in both genders. In particular, higher FRS was observed in the vitamin D deficient (\<50 nmol/L) Korean adult male group with excess (\>1200 mg/of day) dietary calcium intake. Further study is needed to evaluate the mechanism involved and effects of dietary calcium intake on cardiovascular risk with various vitamin D levels.
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###### General Characteristics of Study Subjects by Dietary Calcium Intake Groups

![](ymj-56-845-i001)

  Variables                     Dietary calcium intake (mg/day)                                                                                                                                                             
  ----------------------------- --------------------------------- --------------- --------------- --------------- --------------- --------- --------------- --------------- --------------- --------------- --------------- ---------
  Subjects (n)                  714                               1574            751             255             158                       1618            1807            617             205             110             
  Age (yrs)                     57.4 (0.6)                        52.7 (0.3)      51.8 (0.3)      51.8 (0.7)      52.7 (0.9)      \<0.001   57.3 (0.4)      53.1 (0.3)      51.8 (0.4)      52.2 (0.7)      53.5 (1.1)      \<0.001
  BMI (kg/m^2^)                 23.5 (0.2)                        24.1 (0.1)      24.2 (0.1)      24.2 (0.2)      24.8 (0.3)      0.001     24.0 (0.1)      24.0 (0.1)      23.5 (0.1)      23.8 (0.2)      23.3 (0.4)      0.051
  Energy (kcal/day)             1644.7 (26.6)                     2173.2 (22.3)   2597.0 (33.9)   2815.1 (62.7)   3127.1 (90.5)   \<0.001   1278.9 (12.8)   1676.7 (15.5)   1954.5 (32.9)   2144.0 (57.0)   2369.6 (79.8)   \<0.001
  25(OH)D (nmol/L)              50.7 (1.0)                        52.0 (0.7)      51.2 (0.8)      52.3 (1.2)      52.6 (2.0)      0.660     42.6 (0.6)      43.4 (0.6)      43.4 (0.8)      43.1 (1.4)      49.0 (2.1)      0.070
  HTN (n) (%)                   188 (22.5)                        375 (45.1)      174 (20.8)      54 (6.5)        43 (5.1)        0.385     475 (44.6)      426 (40.1)      108 (10.2)      38 (3.5)        17 (1.6)        \<0.001
  SBP (mm Hg)                   123.0 (0.9)                       121.6 (0.6)     119.7 (0.6)     120.3 (1.3)     121.7 (1.3)     0.026     122.1 (0.6)     118.9 (0.5)     115.2 (0.8)     118.8 (1.3)     118.4 (2.0)     \<0.001
  DBP (mm Hg)                   78.4 (0.6)                        79.6 (0.4)      79.1 (0.5)      78.4 (0.8)      79.3 (0.8)      0.296     76.0 (0.3)      75.6 (0.3)      74.0 (0.5)      76.0 (0.8)      75.1 (1.2)      0.009
  Glucose (mmol/L)              5.49 (0.06)                       5.49 (0.03)     5.49 (0.05)     5.49 (0.06)     5.87 (0.27)     0.734     5.35 (0.03)     5.28 (0.02)     5.20 (0.04)     5.17 (0.05)     5.23 (0.07)     0.002
  Insulin (uIU/mL)              9.8 (0.3)                         9.5 (0.2)       9.8 (0.3)       9.7 (0.4)       10.2 (0.6)      0.725     10.2 (0.2)      10.1 (0.1)      10.0 (0.5)      9.8 (0.3)       9.0 (0.5)       0.301
  TC (mmol/L)                   4.91 (0.04)                       5.01 (0.03)     4.96 (0.04)     5.07 (0.08)     5.13 (0.14)     0.164     5.06 (0.03)     5.05 (0.02)     5.01 (0.05)     5.01 (0.07)     5.23 (0.10)     0.346
  HDL (mmol/L)                  1.25 (0.01)                       1.29 (0.01)     1.27 (0.01)     1.28 (0.03)     1.23 (0.03)     0.083     1.38 (0.01)     1.40 (0.01)     1.43 (0.02)     1.41 (0.02)     1.49 (0.03)     0.002
  TG (mmol/L)                   1.86 (0.06)                       1.88 (0.05)     1.89 (0.08)     1.84 (0.10)     2.43 (0.33)     0.567     1.45 (0.03)     1.38 (0.03)     1.18 (0.03)     1.35 (0.06)     1.24 (0.09)     \<0.001
  FRS (points)/10-yr risk (%)   11.5 (0.2)/10                     10.5 (0.1)/8    10.2 (0.2)/6    9.9 (0.3)/6     11.1 (0.3)/8    \<0.001   12.0 (0.2)/1    10.0 (0.2)/1    9.1 (0.2)/1     9.6 (0.4)/1     10.0 (0.6)/1    \<0.001

BMI, body mass index; HTN, hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL, high density lipoprotein; TG, triglyceride; FRS, Framingham Risk Score; Energy, total calorie intake; Calcium, daily intake; serum 25(OH)D, serum 25-hydroxyvitamin D concentration.

Data represent mean (standard error).

*p* values represent *P* for trends by ANOVA test without adjustment.

###### Difference of Framingham Risk Score by Calcium Intake Groups
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           Calcium intake (mg/day)                                                                        
  -------- ------------------------- ----------------- ---------------- ---------------- ---------------- ---------
  Male     11.1 (0.2)/714            10.5 (0.1)/1574   10.4 (0.2)/751   10.2 (0.3)/255   11.1 (0.3)/158   \<0.001
  Female   10.3 (0.1)/1618           9.4 (0.1)/1807    9.2 (0.2)/617    9.4 (0.3)/204    10.7 (0.5)/110   \<0.001

BMI, body mass index; 25(OH)D, 25-hydroxyvitamin D.

All values represent Framingham Risk Score (SE)/subject numbers. *P* for trend was obtained by ANCOVA test after adjustments for age, BMI, jobs, education, smoking status, alcohol intake, moderate physical activity, serum 25(OH)D and total calories intakes for both genders. Menopause, oral contraceptives and hormone replacement therapy were also adjusted for with women.
